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Rationale:  Cytokines  are  central  mediators  of  the  immune-inflammatory  response  to  injury 
and  subsequent  multiple  organ  dysfunction  syndrome  (MODS).  Although  previous  studies 
evaluated  cytokine  levels  after  trauma,  differences  between  patients  with  burn  and  non¬ 
burn  trauma  have  not  been  assessed  systematically. 

Methods:  A  prospective  database  of  trauma  patients  admitted  between  May  2004  and 
September  2007  to  the  burn  or  surgical  intensive  care  units  within  24  h  of  injury  with  an 
anticipated  stay  of  at  least  72  h  was  analyzed.  Sequential  clinical  and  laboratory  parameters 
were  collected  in  the  first  week,  including  multiplex  analysis  data  for  plasma  levels  of 
inflammatory  cytokines  (IL-6,  and  IL-8).  Patients  with  known  pre-injury  coagulopathy  were 
excluded.  A  Marshall  score  of  10  or  greater  was  defined  as  MODS. 

Results:  A  total  of  179  patients  were  enrolled  (67  burn  and  112  non-burn).  Plasma  IL-6  and  IL- 
8  levels  were  markedly  elevated  in  both  burn  and  non-burn  patients  compared  to  healthy 
volunteers.  Burn  subjects  had  higher  levels  of  IL-6  and  IL-8  than  the  non-burn  on  days  1 
through  7  after  injury.  Subjects  with  burns  and  at  least  30%  total  body  surface  area  were 
older  and  had  a  lower  injury  severity  score,  a  higher  prevalence  of  MODS,  and  correspond¬ 
ingly  higher  mortality.  Multivariate  analysis  of  injury  type,  MODS,  and  time  did  not 
demonstrate  an  influence  of  MODS. 

Conclusions:  Burns  were  associated  with  a  greater  and  more  sustained  immune-inflamma¬ 
tory  response  than  non-burn  trauma  as  evidenced  by  elevated  plasma  IL-6  and  IL-8  levels 
during  the  first  week.  There  was  no  association  between  MODS  and  plasma  cytokine  levels. 
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1.  Introduction 

Critical  injuries,  including  severe  head  trauma  and  poly¬ 
trauma,  result  in  an  elaboration  of  a  wide  range  of  inflamma¬ 
tory  mediators,  such  as  cytokines  [1,2].  Trauma  can  induce 
immune-inflammatory  effects  that  are  related  to  injury 
severity  [3].  Severely  injured  patients  have  demonstrated 
early  elevations  in  interleukin  6  (IL-6)  and  IL-8  [4-6],  which 
have  been  associated  with  mortality  [7,8].  Giannoudis  et  al. 
found  elevated  IL-6  levels  to  be  associated  with  a  systemic 
inflammatory  response  syndrome  (SIRS)  state  in  which  early 
elevations  were  predictive  of  complications  such  as  pneumo¬ 
nia,  multiple-organ  dysfunction  syndrome  (MODS),  and  death 
in  blunt  trauma  patients  [9].  Likewise,  Maier  et  al.  found 
elevated  IL-6  and  soluble  tumor  necrosis  factor  (TNF)  receptors 
to  be  predictive  of  mortality  but  IL-8  levels  predictive  of  MODS 
in  trauma  patients  [10]. 

In  patients  with  burns,  immune-inflammatory  response  is 
associated  with  complications  after  injury,  such  as  infection, 
MODS,  and  mortality  [11].  Burns  have  been  associated  with 
increased  plasma  TNF-a,  IL-6,  and  IL-8  levels  in  comparison  to 
elective  surgery  controls.  Elevated  levels  of  IL-6  and  IL-8  were 
identified  locally  in  burned  skin  [12].  In  effect,  IL-10,  IL-6,  IL-8, 
and  TNF-a  levels  have  been  correlated  with  total  body  surface 
area  (TBS A)  in  burn  patients  [13-19].  In  addition  to  soluble 
cellular  adhesion  molecules,  elevated  levels  of  TNF-a,  IL-6,  and 
IL-8  were  associated  with  severe  burns  complicated  by  septic 
shock  or  death  [14,15,20-22].  Although  Drost  et  al.  demon¬ 
strated  an  association  among  infection,  IL-6,  and  TNF-a,  IL-6 
alone  was  associated  with  mortality  in  patients  with  burns 
[13,23].  Unfortunately,  not  all  studies  are  consistent. 
Gueugniaud  et  al.,  in  a  study  of  10  patients  with  greater  than 
60%  TBSA  burned;  found  that  survivors  had  higher  IL-6  levels 
than  non-survivors  [24].  Recently,  a  study  by  Park  et  al. 
identified  TNF-a  as  the  only  measured  cytokine  to  predict 
mortality  in  burn  and  non-burn  patient  populations  [25]. 

However,  existing  data  still  supports  the  notion  that 
inflammatory  cytokines  play  a  role  in  the  development  of 
subsequent  complications,  including  MODS.  Cytokines  are 
central  mediators  of  the  immunoinflammatory  response  to 
injury.  Nonetheless,  little  is  known  about  the  specific  roles 
that  cytokines  play  in  the  response  to  injury  and  whether 
differences  exist  in  the  immunoinflammatory  profiles  be¬ 
tween  various  patient  populations.  Specifically,  we  speculated 
that  unique  cytokine  profiles  exist  for  burn  and  non-burn 
trauma  patients  that  are  associated  with  outcome. 


2.  Materials  and  methods 

This  study  was  conducted  under  a  protocol  reviewed  and 
approved  by  the  local  institutional  review  board  and  in 
accordance  with  the  approved  protocol. 

2.1.  Patients 

Patients  eligible  for  enrollment  in  the  study  were  at  least  18 
years  of  age,  admitted  to  the  intensive  care  unit  (ICU)  within 
24  h  of  injury,  and  per  treating  physician,  were  expected  to 


stay  at  least  72  h  in  the  ICU.  Reasons  for  ineligibility  were 
admission  greater  than  24  h  from  time  of  injury,  admission  to 
the  hospital  ward,  prisoner  status,  pre-existing  therapeutic 
anticoagulation  (exception  made  for  aspirin  or  ibuprofen),  or 
coagulopathy  prior  to  trauma.  Patients  from  both  the  burn  and 
the  surgical  ICU’s  were  enrolled  in  the  study  over  a  41-month 
period  (May  2004-September  2007). 

2.2.  Healthy  volunteers 

A  group  of  healthy  volunteers  free  of  acute  illness  for  at  least  2 
weeks  prior,  weighed  at  least  110  lbs,  and  not  pregnant  was 
recruited.  In  accordance  with  regulatory  policy,  volunteers  were 
enrolled  to  donate  a  one-time  sample  of  their  blood  after  signing 
a  consent  form.  This  comparison  group  was  our  uninjured 
control  group. 

2.3.  Clinical  data 

Sequential  clinical  and  laboratory  parameters  were  collected 
during  the  subjects’  first  week  of  hospitalization.  Clinical  data, 
including  injury  severity  score  (ISS)  [26];  percent  TBSA  burned; 
inhalation  injury  (II);  total  ventilator- free,  ICU-free,  and  hospi¬ 
tal-free  days;  and  mortality  were  entered  into  an  Oracle 
database.  Since  nonsurviving  patients  tend  to  have  deceivingly 
shorter  hospitalization  periods,  we  reported  the  number  of  days 
off  mechanical  ventilation  (ventilator-free)  and  out  of  the  ICU 
(ICU-free)  during  a  30-day  period  after  admission  in  addition  to 
the  average  length  of  hospital  stay  as  measures  of  outcome. 
Laboratory  results  and  other  basic  demographic  data  were 
recorded  in  the  database  via  direct  interface  with  electronic 
medical  record.  Daily  MODS,  defined  as  a  Marshall  score  of  10  or 
greater,  was  determined  based  on  clinical  and  laboratory 
parameters  [27]. 

2.4.  Blood  collection 

Blood  samples  were  collected  into  citrated  tubes  via  central 
venous  or  arterial  catheters  within  24  h  of  admission  (Admit) 
and  on  post-injury  days  1-3,  5,  and  7.  Blood  sampling  was 
discontinued  upon  transfer  out  of  the  ICU  or  the  removal  of 
central  venous  and  arterial  catheters.  The  blood  samples  were 
centrifuged,  and  plasma  aliquots  were  stored  in  cryoprecipi- 
tate  tubes  at  -80  °C  for  subsequent  analysis  of  cytokine  levels. 
Blood  samples  collected  from  healthy  volunteers  were  also 
processed  in  the  same  manner. 

2.5.  Cytokine  analysis 

Multiplex  analysis  for  plasma,  IL-10,  TNF-a,  GM-CSF,  IL-6,  and  IL- 
8  levels  was  performed.  The  human  inflammatory  five-plex 
antibody  bead  kit  (Biosource  International,  Camarillo,  CA)  and 
Luminex  100  luminescent  analyzer  (Luminex,  Austin,  TX)  were 
used  to  measure  plasma  cytokine  levels.  The  Luminex  system 
was  used  in  accordance  to  manufacturer’s  instructions.  Stan¬ 
dard  curves  were  established  based  on  various  dilution  factors 
where  the  sensitivity  of  our  method  was  3.0  pg/ml  for  IL-6  and  IL- 
8  and  10  pg/ml  for  IL-10,  TNF-a,  GM-CSF.  When  plasma  levels 
were  below  Luminex  analysis  threshold,  a  value  equal  to  the 
lowest  detectable  limit  was  assigned  for  statistical  comparison. 
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Table  1  -  Demographic  and  outcome  data.3 

Healthy  volunteer  (n  =  20) 

Bum  (n  =  67) 

Non-burn;  (n  =  112) 

p  Value 

Data 

Initial  demographics 

Mean  ±  SD  Median  [95%  Cl] 

Mean  ±  SD  Median  [95%  Cl] 

Mean  ±  SD  Median  [95%  Cl] 

Sex  (%  male) 

55 

73 

79 

NS 

Age 

36  ±  10.5;  37  [27.0-43.5] 

49  ±  18.9;  46  [43.9-53.1] 

41  ±  17.7;  39  [37.7-44.3] 

p  <  0.008 

Injury  severity  score 

- 

22  ±  12.6;  25  [18.7-24.9] 

27  ±  11.7;  26  [23.5-27.8] 

p  <  0.04 

Total  body  surface  area 

- 

34  ±  21.4;  30  [28.5-39.0] 

- 

- 

Inhalation  injury  (%  yes) 
Outcomes 

- 

36 

- 

- 

Hospital  days 

- 

40  ±38.9;  25  [30.2-49.1] 

25  ±  24.8;  17  [19.9-29.2] 

p  <  0.005 

Ventilator- free  days 

- 

12  ±  12.6;  11  [9.3-15.5] 

19  ±  10.3;  22  [17.0-20.8] 

p  <  0.001 

ICU-free  days 

- 

9  ±  11.0;  0  [6.3-11.7] 

16  ±  9.7;  18  [14.0-17.7] 

p  <  0.001 

Multiple  organ  dysfunction 
syndrome  (%) 

— 

42 

14 

p  <  0.001 

Mortality  (%) 

- 

37 

10 

p  <  0.001 

a  Continuous  variables  were 
percentages  with  the  number 

compared  using  t-test  or  analysis  of  variance  where  appropriate, 
in  parentheses  and  were  compared  using  the  chi-square  test. 

Dichotomous  variables  are 

expressed  as 

2.6.  Statistical  analysis 

Data  was  analyzed  with  SPSS  16.0  (SPSS  Inc.,  Chicago,  IL)  and 
SAS  9.1  (SAS  Institute  Inc.,  Cary,  NC).  Categorical  variables 
were  compared  by  chi-square.  Continuous  variables  were 
assessed  for  normality.  Variables  that  failed  to  pass  the  test  of 
normality  were  logarithmically  transformed  to  fit  a  normal 
distribution.  Group-time  interaction  of  plasma  cytokine  levels 
and  injury  was  determined  by  two-way  analysis  of  variance 
(ANOVA)  with  repeated  measures,  and  multivariate  ANOVA 
was  used  for  determining  the  effect  of  MODS  on  plasma 
cytokine  levels.  A  Dunnett’s  adjustment  was  used  to  evaluate 
differences  in  plasma  cytokine  levels  compared  to  the  initial 
plasma  level.  A  p-value  <  0.05  was  considered  significant  for 
all  analyses. 


3.  Results 

During  the  study  period,  179  hospitalized  subjects  and  20 
healthy  volunteers  were  enrolled  and  included  in  the  analysis. 
Of  the  179  subjects,  67  were  admitted  to  the  burn  ICU  and  112 
to  the  surgical  ICU  with  either  blunt  or  penetrating  traumatic 
injuries.  Though  the  percentage  of  men  and  women  between 
the  groups  was  similar,  subjects  with  burns  were  older  with  a 
lower  ISS  as  an  average  for  this  population  (Table  1).  As  a 
reflection  of  injury  severity,  subjects  with  burns  had  a  high 
prevalence  of  MODS  and  a  higher  mortality  rate.  Burn  patients 
had  significantly  fewer  ventilator-  and  ICU-free  days  than 
non-burn  trauma  patients.  Hence,  as  a  result  of  traumatic 
injuries,  these  patients  underwent  critical  care  for  a  longer 
period. 

3.1.  Cytokine  analysis 

The  first  blood  samples  obtained  from  both  burn  and  non-burn 
subjects  were  at  similar  ( p  <  0.05)  times  after  admission, 
13  ±  6  h  and  12  ±  6  h,  respectively.  The  majority  of  plasma 
samples  from  volunteers,  trauma,  and  burn  patients  had 
values  below  the  assay’s  limit  of  detection  for  IL-1(3,  TNF-a, 
and  GM-CSF  (75%,  73%,  and  52%,  respectively).  A  significant 


portion  of  the  IL-1(3,  TNF-a,  and  GM-CSF  values  were  below 
traceable  levels;  thus,  we  excluded  these  cytokines  from 
further  analysis  since  we  would  not  be  able  to  fully  evaluate 
whether  there  was  an  association  between  cytokine  measure¬ 
ments  and  injury  type  or  patient  trajectory.  In  contrast,  98% 
and  90%  of  samples  had  detectable  concentrations  of  IL-6  and 
IL-8,  respectively.  As  an  initial  assessment  of  the  inflammato¬ 
ry  response  to  type  of  injury  and  injury  severity,  we  analyzed 
the  association  among  ISS,  TBSA,  IL-6,  and  IL-8.  In  burns,  there 
were  significant  but  weak  positive  relationships  among  TBSA, 
IL-6,  and  IL-8  (Fig.  1,  r  =  0.16,  p  =  0.005;  Fig.  2,  r  =  0.12,  p  =  0.04; 
respectively).  There  was  also  a  significant  but  weak  relation¬ 
ship  between  ISS  and  IL-8  (Fig.  3,  r  =  0.20,  p  <  0.001).  No 
significant  relationship  between  ISS  and  IL-6  was  observed.  In 
contrast,  no  relationships  between  ISS  and  IL-6  or  between  ISS 
and  IL-8  were  identified  for  non-burn  trauma  subjects. 

In  comparison  to  the  plasma  IL-6  levels  of  the  healthy 
volunteers,  both  burn  and  non-burn  subjects  had  markedly 
greater  levels  at  every  time  point  assessed  (p  <  0.01).  The  burn 


Fig.  1  -  Relationship  between  burn  size  and  plasma 
concentrations  of  IL-6  in  subjects  with  burns.  Open  circle 
represents  data  coming  from  subjects  with  burns;  r  =  0.16, 
r2  =  0.02;  p  =  0.005. 
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Total  Body  Surface  Area  (TBSA) 

Fig.  2  -  Relationship  between  burn  size  and  plasma 
concentrations  of  IL-8  in  subjects  with  burns.  Open  circle 
represents  data  coming  from  subjects  with  burns,  r  =  0.12, 
r2  =  0.01;  p  =  0.04. 


group  had  higher  IL-6  levels  on  days  1-3,  5,  and  7  compared  to 
the  levels  of  the  non-burn  group  (p  <  0.05)  (Fig.  4).  While 
plasma  concentrations  of  IL-6  remained  consistently  elevated 
in  burns  throughout  the  study  period,  non-burn  subjects 
exhibited  a  decreasing  trend  of  plasma  IL-6  levels  (p  <  0.01). 

Plasma  IL-8  levels  of  burn  and  non-burn  subjects  were 
higher  than  those  of  the  healthy  volunteers  (p  <  0.01).  Similar 
to  the  findings  of  IL-6,  there  was  no  significant  difference  in 
admission  plasma  IL-8  levels  between  burn  and  non-burn 
subjects.  In  addition,  burn  subjects  had  higher  levels  of  IL-8  on 
every  subsequent  day  after  injury  measured  (Fig.  5;  p  <  0.01). 
In  comparison  to  admission  values,  plasma  IL-8  of  burn 
subjects  was  greater  on  days  1,  5,  and  7.  This  group  exhibited 
an  increasing  trend  in  plasma  concentration  of  IL-8  through¬ 
out  the  study  period.  In  contrast,  non-burn  subjects  exhibited 
the  opposite  trend:  IL-8  concentrations  were  lower  on  every 
day  compared  to  admission  (p  <  0.01). 


Fig.  3  -  Relationship  between  injury  severity  and  plasma 
concentrations  of  IL-8  in  subjects  with  burns.  Open  circle 
represents  data  coming  from  subjects  with  burns,  r  =  0.20, 
r2  =  0.04;  p  <  0.001. 


Fig.  4  -  Plasma  IL-6  levels  in  subjects  with  trauma:  burn  vs. 
non-burn  subjects.  Data  are  expressed  as  an  average  for  the 
group  (with  standard  error  represented  by  error  bars).  The 
burn  group  (n  =  67)  is  represented  by  the  white  bars  and  the 
non-burn  group  (n  =  112)  by  the  black  bars.  The  dashed  line 
across  the  graph  represents  average  plasma  IL-6 
concentrations  of  the  healthy  volunteers  (n  =  20).  At  each 
time  point,  the  asterisk  (*)  indicates  a  difference  (p  <  0.05) 
between  the  burn  and  the  non-burn  group.  All  samples 
from  the  burn  and  the  non-burn  group  had  higher  IL-6 
levels  than  those  of  the  healthy  volunteers  (p  <  0.01). 


Fig.  5  -  Plasma  IL-8  levels  in  subjects  with  trauma:  burn  vs. 
non-burn  subjects.  Data  are  expressed  as  an  average  for  the 
group  (with  standard  error  represented  by  error  bars).  The 
burn  group  (n  =  67)  is  represented  by  the  white  bars  and  the 
non-burn  group  (n  =  112)  by  the  black  bars.  The  dashed  line 
across  the  graph  represents  average  plasma  IL-8 
concentrations  of  the  healthy  volunteers  (n  =  20).  At  each 
time  point,  an  asterisk  indicates  a  difference  (p  <  0.05) 
between  the  burn  and  the  non-burn  group.  All  samples 
from  the  burn  and  the  non-burn  group  had  higher  IL-6 
levels  than  those  of  the  healthy  volunteers  (p  <  0.01). 
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Fig.  6  -  (a)  Daily  rate  of  MODS  in  subjects  with  trauma:  burn 
vs.  non-burn  subjects.  While  MODS  was  defined  as  a 
Marshall  score  of  10  or  greater,  the  data  are  expressed  as 
the  percentage  of  population  with  MODS.  The  burn  group 
is  represented  by  white  bars  and  the  non -burn  group  by 
the  black  bars.  At  each  time  point,  an  asterisk  indicates  a 
difference  (p  <  0.05)  between  the  burn  and  the  non-burn 
group.  Statistical  analysis  performed  with  chi-square  test, 
(b)  Daily  average  MOD  score  in  subjects  with  trauma:  burn 
vs.  non-burn  subjects.  The  burn  group  is  represented  by 
white  bars  and  the  non-burn  group  by  the  black  bars.  At 
each  time  point,  an  asterisk  indicates  a  difference 
(p  <  0.05)  between  the  burn  and  the  non-burn  group. 


3.2.  Multiple  organ  dysfunction  syndrome  (MODS) 

Overall  bum  subjects  had  a  higher  rate  of  MODS  in  comparison 
to  non-burn  subjects  (Fig.  6a).  Furthermore,  subjects  with 
burns  had  a  higher  MODS  score  on  every  study  day,  with  the 
exception  of  admission  (p  <  0.05)  (Fig.  6b).  Multivariate 
ANOVA  of  injury  type,  MODS,  and  plasma  IL-6  levels  was 
performed  with  an  overall  significant  group-time  interaction 
(p  <  0.05)  (Fig.  7).  The  burn  group  without  MODS  had 
significantly  higher  plasma  IL-6  than  non-burn  subjects 
without  MODS  on  days  1  through  7  after  injury (p  <  0.05). 
Although  there  were  no  differences  between  the  burn  and  the 
non-burn  groups  with  MODS,  the  subjects  with  burns  and 
MODS  had  higher  IL-6  levels  than  the  non-burn  group  without 
MODS  on  days  2  and  3  (p  <  0.05).  However,  non-burn  subjects 
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Fig.  7  -  (a)  Mean  concentration  of  plasma  IL-6  levels  in 
subjects  with  burns:  no  MODS  vs.  MODS.  Data  are 
expressed  as  an  average  for  the  group  (with  standard 
error  represented  by  error  bars).  The  no  MODS  group  is 
represented  by  the  white  bars  and  the  MODS  group  by 
the  black  bars.  The  dashed  line  across  the  graph 
represents  average  plasma  IL-6  concentrations  of  the 
healthy  volunteers  (n  =  20).  At  each  time  point,  an 
asterisk  indicates  a  difference  (p  <  0.05)  between  the  no 
MODS  and  the  MODS  group,  (b)  Mean  concentration  of 
plasma  IL-6  levels  in  subjects  with  non-burn  trauma:  no 
MODS  vs.  MODS.  Data  are  expressed  as  an  average  for 
the  group  (with  standard  error  represented  by  error 
bars).  The  no  MODS  group  is  represented  by  the  white 
bars  and  the  MODS  group  by  the  black  bars.  The  dashed 
line  across  the  graph  represents  average  plasma  IL-6 
concentrations  of  the  healthy  volunteers  (n  =  20).  At  each 
time  point,  an  asterisk  indicates  a  difference  (p  <  0.05) 
between  the  no  MODS  and  the  MODS  group.  Of  note, 
none  of  the  subjects  from  the  non -burn  group  met  the 
Marshall  criteria  for  MODS  on  day  7. 
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Fig.  8  -  (a)  Mean  concentration  of  plasma  IL-8  levels  in 
subjects  with  bums:  no  MODS  vs.  MODS.  Data  are 
expressed  as  an  average  for  the  group  (with  standard  error 
represented  by  error  bars).  The  no  MODS  group  is 
represented  by  the  white  bars  and  the  MODS  group  by  the 
black  bars.  The  dashed  line  across  the  graph  represents 
average  plasma  IL-8  concentrations  of  the  healthy 
volunteers  (n  =  20).  At  each  time  point,  an  asterisk  indicates 
a  difference  (p  <  0.05)  between  the  no  MODS  and  the  MODS 
group,  (b)  Mean  concentration  of  plasma  IL-8  levels  in 
subjects  with  non-burn  trauma:  no  MODS  vs.  MODS.  Data 
are  expressed  as  an  average  for  the  group  (with  standard 
error  represented  by  error  bars).  The  no  MODS  group  is 
represented  by  the  white  bars  and  the  MODS  group  by  the 
black  bars.  The  dashed  line  across  the  graph  represents 
average  plasma  IL-8  concentrations  of  the  healthy 
volunteers  (n  =  20).  At  each  time  point,  an  asterisk  indicates 
a  difference  (p  <  0.05)  between  the  no  MODS  and  the  MODS 
group.  Of  note,  none  of  the  subjects  from  the  non -burn 
group  met  the  Marshall  criteria  for  MODS  on  day  7. 


with  MODS  had  significantly  higher  plasma  IL-6  at  the  time  of 
admission  than  the  non-burn  group  without  MODS  (p  <  0.05). 

The  same  multivariate  ANOVA  was  performed  with  plasma 
IL-8  and  an  overall  group-time  interaction  also  (p  <  0.05) 


(Fig.  8).  Again,  the  burn  group  without  MODS  had  higher  IL-8 
levels  than  the  non-burn  group  without  MODS  on  days  1 
through  7  after  injury  (p  <  0.05).  The  burn  and  non-burn 
groups  with  MODS  did  not  differ  and  had  similar  IL-8  levels.  As 
for  days  2,  5,  and  7,  the  burn  group  with  MODS  had  higher  IL-8 
than  the  non-burn  group  without  MODS  (p  <  0.05).  On  the  day 
of  admission,  the  non-burn  group  with  MODS  had  a  higher 
plasma  IL-8  than  the  burn  group  without  MODS  (p  <  0.05).  In 
parallel  to  what  was  observed  with  IL-6,  the  non-burn  group 
with  MODS  had  higher  plasma  IL-8  level  on  admission  than 
the  non-burn  group  without  MODS  (p  <  0.05). 


4.  Discussion 

The  period  of  recovery  from  a  burn  represents  the  extreme  of 
hypermetabolism  and  catabolism  possible  in  humans  [1,28].  It 
was  expected  patients  with  burns  would  have  higher  plasma 
cytokine  levels  than  non-burn  trauma  patients;  however,  this 
study  quantitatively  demonstrates  the  significant  difference 
in  terms  of  plasma  IL-6  and  IL-8  levels.  Burn  was  associated 
with  a  greater  and  more  sustained  immunoinflammatory 
response  in  terms  of  elevated  IL-6  and  IL-8  levels  during  the 
first  week  post-injury  compared  to  non-burn  trauma  patients. 
The  exaggerated  immunoinflammatory  response  with  resul¬ 
tant  imbalance  in  immune  function  places  burn  and  trauma 
patients  at  increased  risk  for  infection,  sepsis,  MODS,  and 
consequently  death.  Our  study  did,  however,  demonstrate  a 
distinct  difference  in  plasma  cytokine  profiles  between  burn 
and  non-burn  trauma  patients,  the  multivariate  analysis  of 
MODS  was  less  conclusive. 

IL-6  is  expressed  in  peripheral  leukocytes,  spleen,  liver, 
kidney,  and  intestine  and  potentially  from  a  multitude  of  other 
stimulated  cell  types.  It  modulates  local  and  systemic 
inflammation  with  effects  on  other  leukocytes  and  the  acute 
phase  response  to  injury  [3].  IL-8  is  a  chemotactic  cytokine 
(chemokine)  predominantly  produced  from  monocytes  and 
macrophages  that  recruit  neutrophils  to  the  site  of  inflamma¬ 
tion  [29].  In  burn  patients,  a  significant  source  of  IL-6  and  IL-8  is 
the  thermally  injured  skin  itself  [12].  Local  sources  of  the 
cytokines  after  non-burn  trauma  have  been  demonstrated  by 
elevated  IL-6  levels  in  cerebrospinal  fluid  after  traumatic  brain 
injury  [30]  and  in  femoral  intramedullary  blood  after  fracture 
[31]  as  well  as  elevated  bronchoalveolar  fluid  levels  of  IL-8  and 
IL-lp  after  chest  trauma  [32].  In  spite  of  the  various  reported 
findings,  the  physiologic  levels  locally  or  systemically  neces¬ 
sary  to  propagate  an  immune  or  inflammatory  response  has 
yet  been  clearly  characterized. 

In  this  study,  unexpectedly,  the  presence  of  MODS  did  not 
have  a  significant  effect  on  either  plasma  IL-6  or  IL-8  levels. 
Nast-Kolb  et  al.  demonstrated  that  blunt  trauma  patients  with 
subsequent  multiple-organ  failure  had  early  peaks  of  plasma 
IL-6  and  IL-8  that  were  significantly  greater  than  those  of  blunt 
trauma  patients  who  recovered  without  multiple-organ 
failure  [8].  One  difference  may  be  that  our  statistical  analysis 
included  time  as  a  factor  using  ANOVA  with  repeated 
measurements  as  opposed  to  using  the  Kruskal-Wallis  test 
for  comparisons  at  isolated  time  points.  Also,  it  may  be  that 
the  heightened  level  of  inflammatory  response  that  ensued 
after  a  severe  burn  reaches  an  individually  dependent 
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maximal  threshold  in  which  the  added  complication  of  MODS 
is  not  distinguishable.  On  the  other  hand,  the  same  could  be 
said  about  the  response  that  MODS  incites  irrespective  of 
injury  type.  The  lack  of  significant  effect  of  MODS  may  also  be 
due  to  less  power  in  small  number  of  patients  with  MODS 
coupled  with  the  large  variance  of  plasma  cytokine  levels. 

Interestingly,  the  burn  patient  population  in  this  study  had 
a  slightly  lower  ISS  than  the  trauma  patient  population,  yet 
burn  patients  had  a  significantly  higher  prevalence  of  MODS 
and  a  higher  mortality.  Although  ISS  has  been  found  to  be  an 
independent  risk  factor  for  mortality  in  patients  with  a 
combination  of  burn  and  trauma  [33],  the  two  populations 
in  this  study  had  a  relatively  similar  ISS.  This  finding  may 
represent  a  limitation  of  the  ISS  in  terms  of  predicting 
outcomes  specifically  for  burn  patients  even  though  it  is  well 
established  in  trauma  patients.  At  a  given  ISS,  burn  patients 
also  had  worse  survival  and  higher  prevalence  of  MODS  that 
may  be  related  to  a  greater  immunoinflammatory  response  in 
addition  to  other  factors  such  as  inhalation  injury  and  loss  of 
the  innate  immunity  of  skin. 

A  limitation  of  this  study  is  the  statistically  significant 
baseline  difference  between  the  burn  and  the  non-burn 
trauma  populations.  Burn  patients  were  older  than  non-burn 
trauma  patients,  and  inhalation  injury  was  present  in  a  third 
of  the  burn  patients.  This  difference  places  the  burn  group  at 
greater  risk  of  MODS  and  death  than  the  non-burn  group. 
However,  the  7-year  age  difference  is  small  enough  that  it  is 
unlikely  to  have  resulted  in  the  different  cytokine  pattern. 
Factors  such  as  gender  and  the  presence  of  inhalation  injury 
may  also  impact  cytokine  levels;  but,  in  this  initial  evaluation 
of  the  study  they  were  not  specifically  addressed. 

Additionally,  we  speculate  that  initial  cytokine  levels, 
especially  in  the  burn  patients,  may  be  affected  by  the  massive 
fluid  resuscitation  typically  required  in  patients  with  larger 
burns.  As  such,  mediators  may  have  been  potentially  falsely 
diluted  as  a  result  and  underestimated.  Obtaining  and 
comparing  tissue  levels  or  levels  in  other  bodily  fluids  may 
be  necessary. 


5.  Conclusions 

In  conclusion,  burn  patients  had  a  greater  and  more  sustained 
immune-inflammatory  response,  as  reflected  by  plasma  IL-6 
and  IL-8  levels,  during  the  first  week  after  injury  than  the  non¬ 
burn  trauma  patients.  The  presence  of  MODS  did  not  have  a 
significant  effect  on  plasma  cytokine  levels.  Though  we  did  not 
find  associations  between  cytokine  levels  and  outcome  in  this 
study,  burn  patients  had  a  significantly  worse  outcome  with 
higher  mortality  and  more  frequent  multiple-organ  dysfunc¬ 
tion  compared  to  non-burn  patients.  Our  data  suggests 
systemic  measurements  of  IL-6  and  IL-8  over  the  first  week 
of  hospitalization  is  reflective  of  injury  severity  rather  than  a 
predictor  of  patient  outcomes. 


Conflict  of  interest  statement 

None  of  the  authors  have  any  conflicts  of  interest  or 
disclosures  to  report. 


Acknowledgements 

We  acknowledge  the  laboratory  support  of  the  Department  of 
Clinical  Investigations  by  Kimberly  Farrow,  David  Ho,  Lisa 
Perez,  and  Houston  Kim  in  conducting  the  cytokine  analyses 
and  logistical  support  by  Charlie  Guymon.  We  also  recognize 
the  research  nurses  who  supported  this  protocol,  including 
Nancy  Molter,  Chaya  Galin,  Peggy  Bielke,  Kari  Williams,  Deb 
Deja,  Elizabeth  Frail,  Juliette  Castillo,  and  Michelle  Morrow  and 
the  information  technologists  Nikolaos  Kypreos  and  Jesus 
Morales,  who  assisted  with  database  creation.  Finally,  we 
would  like  to  thank  Otilia  Sanchez  for  editing  the  final 
manuscript. 

REFERENCES 


[1]  Wanek  S,  Wolf  SE.  Metabolic  response  to  injury  and  role  of 
anabolic  hormones.  Curr  Opin  Clin  Nutr  Metab  Care 
2007;10:272-7. 

[2]  Hensler  T,  Sauerland  S,  Bouillon  B,  Raum  M,  Rixen  D, 
Helling  HJ,  et  al.  Association  between  injury  pattern  of 
patients  with  multiple  injuries  and  circulating  levels  of 
soluble  tumor  necrosis  factor  receptors,  interleukin-6  and 
interleukin-10,  and  polymorphonuclear  neutrophil 
elastase.  J  Trauma  2002;5:962-70. 

[3]  Biffl  WL,  Moore  EE,  Moore  FA,  Peterson  VM.  Interleukin-6  in 
the  injured  patient.  Marker  of  injury  or  mediator  of 
inflammation?  Ann  Surg  1996;224:647-64. 

[4]  Hoch  RC,  Rodriguez  R,  Manning  T,  Bishop  M,  Mead  P, 
Shoemaker  WC,  et  al.  Effects  of  accidental  trauma  on 
cytokine  and  endotoxin  production.  Crit  Care  Med 
1998;21:839-45. 

[5]  Tschoeke  SK,  Hellmuth  M,  Hostmann  A,  Ertel  W, 
Oberholzer  A.  The  early  second  hit  in  trauma  augments  the 
proinflammatory  immunes  response  to  multiple  injuries.  J 
Trauma  2007;62:1396-404. 

[6]  Gebhard  F,  Pfetsch  H,  Steinbach  G,  Strecker  W,  Kinzl  L, 
Brcker  UB.  Is  interleukin-6  an  early  marker  of  injury 
severity  following  major  trauma  in  humans?  Arch  Surg 
2000;135:291-5. 

[7]  Liener  UC,  Bruckner  UB,  Knoferl  MW,  Steinbach  G,  Kinzl  L, 
Gebhard  F.  Chemokine  activation  within  24  h  after  blunt 
accidental  trauma.  Shock  2002;17:169-72. 

[8]  Nast-Kolb  D,  Waydas  C,  Gippner-Steppert  C,  Schneider  I, 
Trupka  A,  Ruchholtz  S,  et  al.  Indicators  of  the 
posttraumatic  inflammatory  response  correlate  with  organ 
failure  in  patients  with  multiple  injuries.  J  Trauma 
1997;42:446-55. 

[9]  Giannoudis  PV,  Harwood  PJ,  Loughenbury  P,  Van 
Griensven  M,  Krettek  C,  Pape  HC.  Correlation  between  IL- 
6  levels  and  the  systemic  inflammatory  response  score: 
can  an  IL-6  cutoff  predict  a  SIRS  state?  J  Trauma 
2008;65:646-52. 

[10]  Maier  B,  Lefering  R,  Lehnert  M,  Laurer  HL,  Steudel  WI, 
Neugebauer  EA,  et  al.  Early  versus  late  onset  multiple  organ 
failure  is  associated  with  differing  patterns  of  plasma 
cytokine  biomarker  expression  and  outcome  after  severe 
trauma.  Shock  2007;28:668-74. 

[11]  Frink  M,  Pape  HC,  Van  Griensven  M,  Krettek  C,  Chaudry  IH, 
Hildebrand  F.  Influence  of  sex  and  age  on  MODS  and 
cytokines  after  multiple  injuries.  Shock  2007;27:151-6. 

[12]  Rodriguez  JL,  Miller  CG,  Garner  WL,  Till  GO,  Guerrero  P, 
Moore  NP,  et  al.  Correlation  of  the  local  and  systemic 


606 


BURNS  38  (2012)  599-606 


cytokine  response  with  clinical  outcome  following  thermal 
injury.  J  Trauma  1993;34:684-94. 

[13]  Drost  AC,  Burleson  DG,  Cioffi  WG,  Jordan  BS,  Mason  AD, 
Pruitt  BA.  Plasma  cytokines  following  thermal  injury  and 
their  relationship  with  patient  mortality,  burn  size,  and 
time  postburn.  J  Trauma  1993;35:335-9. 

[14]  Nakae  H,  Endo  S,  Yamada  Y,  Inada  K.  Bound  and  soluble 
adhesion  molecule  and  cytokine  levels  in  patients  with 
severe  burns.  Burns  2000;26:139-44. 

[15]  Yamada  Y,  Endo  S,  Inada  K.  Plasma  cytokine  levels  in 
patients  with  severe  burn  injury  -  with  reference  to  the 
relationship  between  infection  and  prognosis.  Burns 
1996;22:587-93. 

[16]  Carsin  H,  Assicot  M,  Feger  F,  Roy  O,  Pennacino  I,  Le  Bever  H, 
et  al.  Evolution  and  significance  of  circulating  procalcitonin 
levels  compared  with  IL-6,  TNF  alpha  and  endotoxin  levels 
early  after  thermal  injury.  Burns  1997;23:218-24. 

[17]  Kowal-Vern  A,  Walenga  JM,  Hoppensteadt  D,  Sharp-Pucci 
M,  Gamelli  RL.  Interleukin-2  and  interleukin-6  in  relation  to 
burn  wound  size  in  the  acute  phase  of  thermal  injury.  J  Am 
Coll  Surg  1994;178:357-62. 

[18]  Jeschke  MG,  Mlcak  RP,  Finnerty  CC,  Norbury  WB,  Gauglitz 
GG,  Kulp  GA,  et  al.  Burn  size  determines  the  inflammatory 
and  hypermetabolic  response.  Crit  Care  2007;11:R90. 

[19]  Vindenes  H,  Ulvestad  E,  Bjerknes  R.  Increased  levels  of 
circulating  interleukin-8  in  patients  with  large  burns: 
relation  to  burn  size  and  sepsis.  J  Trauma  1995;39:635-40. 

[20]  Yeh  FL,  Lin  WL,  Shen  HD,  Fang  RH.  Changes  in  circulating 
levels  of  interleukin-6  in  burned  patients.  Burns 
1999;25:131-6. 

[21]  Yeh  FL,  Lin  WL,  Shen  HD,  Fang  RH.  Changes  in  serum 
tumour  necrosis  factor-alpha  in  burned  patients.  Burns 
1997;23:6-10. 

[22]  Yeh  FL,  Lin  WL,  Shen  HD,  Fang  RH.  Changes  in  levels  of 
serum  IL-8  in  burned  patients.  Burns  1997;23:555-9. 

[23]  Drost  AC,  Burleson  DG,  Cioffi  WG,  Mason  AD,  Pruitt  BA. 
Plasma  cytokines  after  thermal  injury  and  their 
relationship  to  infection.  Ann  Surg  1993;218:74-8. 

[24]  Gueugniaud  PY,  Bertin-Maghit  M,  Hirschauer  C,  Bouchard 
C,  Vilasco  B,  Petit  P.  In  the  early  stage  of  major  burns,  is 


there  a  correlation  between  survival,  interleukin-6  levels 
and  oxygen  delivery  and  consumption?  Burns  1997;23: 
426-31. 

[25]  Park  MS,  Salinas  J,  Wade  CE,  Wang  J,  Martini  W,  Pusateri 
AE,  et  al.  Combining  early  coagulation  and  inflammatory 
status  improves  prediction  of  mortality  in  burned 

and  nonburned  trauma  patients.  J  Trauma  2008;64: 
S188-94. 

[26]  Baker  SP,  O’Neil  B,  Haddon  W,  Long  W.  The  injury  severity 
score:  a  method  for  describing  patients  with  multiple 
injuries  and  evaluating  emergency  care.  J  Trauma 
1974;14:187-96. 

[27]  Marshall  JC,  Cook  DJ,  Christou  NV,  Bernard  GR,  Sprung  CL, 
Sibbald  WJ.  Multiple  organ  dysfunction  score:  a  reliable 
descriptor  of  a  complex  clinical  outcome.  Crit  Care  Med 
1995;23:1638-52. 

[28]  Finnerty  CC,  Jeschke  MG,  Herndon  DN,  Gamelli  R,  Gibran  N, 
Klein  M,  et  al.  Temporal  cytokine  profiles  in  severely 
burned  patients:  a  comparison  of  adults  and  children.  Mol 
Med  2008;14:553-60. 

[29]  Remick  DG.  Interleukin-8.  Crit  Care  Med  2005;33:S466-7. 

[30]  Kossmann  T,  Hans  VH,  Imhof  HG,  Stocker  R,  Grob  P,  Trentz 
O,  et  al.  Intrathecal  and  serum  interleukin-6  and  the  acute- 
phase  response  in  patients  with  severe  traumatic  brain 
injuries.  Shock  1995;4:311-7. 

[31]  Morley  JR,  Smith  RM,  Pape  HC,  MacDonald  DA, 
Trejdosiewitz  LK,  Giannoudis  PV.  Stimulation  of  the  local 
femoral  inflammatory  response  to  fracture  and 
intramedullary  reaming:  a  preliminary  study  of  the  source 
of  the  second  hit  phenomenon.  J  Bone  Joint  Surg 
2008;90:393-9. 

[32]  Keel  M,  Ecknauer  E,  Stocker  R,  Ungethum  U,  Steckholzer  U, 
Kenney  J,  et  al.  Different  pattern  of  local  and  systemic 
release  of  proinflammatory  and  anti-inflammatory 
mediators  in  severely  injured  patients  with  chest  trauma.  J 
Trauma  1996;40:907-12. 

[33]  Santaniello  JM,  Luchette  FA,  Esposito  TJ,  Gunawan  H,  Reed 
RL,  Davis  KA,  et  al.  Ten  year  experience  of  burn,  trauma, 
and  combined  burn/trauma  injuries  comparing  outcomes.  J 
Trauma  2004;57:696-700. 


